Objectives: To present a comprehensive analysis of autopsy findings in 206 fetuses referred to our genetic center and to assess the clinical utility of fetal autopsy in reaching a final diagnosis, which is essential for counseling regarding the risk of recurrence. We also compared the autopsy findings with prenatal ultrasound findings to evaluate the potential benefit of fetal autopsy in fetuses terminated after prenatal diagnosis of malformations.
Introduction
Congenital malformations remain a common cause of perinatal deaths and account for 25-30% in developed countries and 10-15% in developing countries like India. 1, 2 In all, 3% of neonates have a major congenital malformation and 0.7% have multiple congenital malformations. 3 One such mishap creates anxiety in the couple for the fear of similar recurrence in future pregnancies. The recurrence risk of these disorders varies from negligibly low to 25%, depending on the genetic component in the etiology of the disorder. Every effort should be made to identify the etiology of perinatal death so that appropriate genetic counseling can be given. There are only few studies on fetal autopsy, especially concerning genetic etiologies of fetal loss. 4 Routine anomaly scan during antenatal period has become a part of obstetric care and the best time for fetal malformations scan is at around 18 weeks. Even though ultrasonogram can give fairly accurate diagnosis, examination of the terminated fetus for associated anomalies is essential to confirm the diagnosis and look for associated malformations. This is necessary because some associated malformations can be missed or are undetectable on ultrasound.
This can help to reach correct etiological diagnosis essential for genetic counseling. The objective of the present study was to review our 5-year experience to evaluate the diagnostic yield of fetal autopsy of stillbirths/fetal losses and the potential benefit of autopsy in fetuses terminated after prenatal diagnosis of malformations.
Materials and methods
Two hundred and six consecutive fetuses, over a period of 5 years (April 2000-March 2005), referred to our department for examination were included in this study. This includes 138 therapeutic abortions after the recognition of some congenital malformation on ultrasonographic examination or of genetic disorder on invasive prenatal diagnosis. We also examined 68 fetal losses, which included spontaneous abortions, intrauterine deaths and stillbirths. Each fetus was examined according to a predesigned protocol. This included a photograph, whole body radiograph, and external and internal examination.
Histopathological examination of the relevant tissue was carried out according to the requirement in individual cases. Placenta was available in only few cases. If available, histology of placenta was carried out in cases with unexplained fetal death with or without growth retardation. A chromosomal analysis was performed whenever fresh tissue was available. All post-mortem examinations were carried out with written consent of the father or relatives who brought the fetus.
In cases terminated after prenatal diagnosis of malformation, the ultrasound diagnosis and post-mortem diagnosis were compared to look for disagreement. As the fetuses were received from other hospitals also, ultrasonographic examination was performed at different centers by ultrasonologist with varying degrees of expertise. Additional findings at post-mortem examination were considered significant if those findings affected the final diagnosis and/or brought a change in the recurrence risk. The etiological diagnosis was analyzed to assess the utility of postmortem examination.
Results
Fetal autopsy was able to provide a definite final diagnosis in 122 (59%) cases. In four cases, fetal pathology was detected prenatally by cytogenetic and molecular methods and this was confirmed after termination by fetal autopsy. This includes chromosomal abnormalities, trisomy 21, trisomy 18 and partial monosomy 13, and a case of osteopetrosis diagnosed by prenatal molecular methods. These cases are not included in the further analysis. We were not able to reach a final diagnosis in 84 cases, which include 54 cases without any malformations, 16 cases with multiple malformations not fitting into any syndrome and 14 cases of hydrops fetalis (Table 1) .
In 135 cases with malformations, 81 (58.6%) had isolated malformation and 54 (41.4%) had multiple malformations (Tables  2 and 3 ). The common isolated malformations were anencephaly and other neural tube defects. Urinary tract malformations constituted 14 cases, which include bilateral renal agenesis, multicystic dysplasia and urorectal septal defects. The fetuses with multiple malformations were classified into various groups namely chromosomal disorders, single-gene malformation syndrome, skeletal dysplasias, sporadic malformation syndromes and multiple malformations unclassified.
In spontaneously aborted fetuses (68), intra-uterine deaths and stillbirths, malformations were identified in 16 (23.5%) cases. Of these, three cases had multiple malformations specific to autosomal recessive single-gene disorders that are having a recurrence risk of 25% (Table 4 ). In 33 cases (49%), chromosomal analysis was possible and two abnormalities were detected (Table 5 ). Chromosomal abnormalities account for 5% of stillbirths and intrauterine deaths. In 52 fetuses, no abnormalities were identified and the cause of fetal demise remains unexplained.
In 81 cases with isolated malformation, 38 cases (46.9%) had only internal malformations. In fetuses with renal malformations, two cases with autosomal recessive polycystic disease and two cases of bilateral renal agenesis were confirmed by histopathological examination. In fetuses with skeletal dysplasia, the final diagnosis was given on the basis of skeletal radiological examination. In the fetuses terminated after prenatal diagnosis of malformations, fetal autopsy confirmed the ultrasound findings in all cases but two. These two cases were diagnosed to have intrauterine growth retardation, oligohydraminos and absent kidney ultrasonographically; however, at autopsy, there was no abnormality in kidney, ureter or urinary bladder. One of these had co-arctation of aorta and ventriculomegaly, whereas other case had malrotation of the gut and penile hypospadias.
Fetal autopsy provided additional finding in 77 cases. In 24 of these 77 cases, revision of diagnosis led to significant change in the risk of recurrence in subsequent pregnancies (Figure 1) . Infarcts in the placenta or evidence of infection were identified by histology of placenta in some cases, giving clues to the cause of fetal loss. However, as the data about placental histology were small, we have not analyzed these data.
Discussion
Fetal loss is a common clinical problem and the family seeks and deserves answers regarding the cause of the loss of a baby. The future reproductive decision of the couple depends on the cause of the fetal loss, which will predict the recurrence risk and may provide options for prevention of similar mishap. 5 The investigations of fetal loss include radiograph, chromosomal analysis, fetal autopsy, investigations for infections and genetic metabolic causes, histopathology of placenta and other fetal tissues as indicated. 6 Chromosomal analysis should be performed not only in the setting of obvious major malformations but also in fetal hydrops, intrauterine growth retardation, oligohydraminos sequence, macerated fetus and unexplained fetal loss. Skeletal radiograph is mandatory as a part of fetal autopsy Figure 1 Summary chart of prenatal anomaly scan findings and correlation with fetal autopsy findings.
protocol, especially if skeletal dysplasia is suspected because of short limbs. 6, 7 Even though skeletal dysplasia can be suspected by ultrasonogram, accurate diagnosis is possible only with postmortem radiograph. This is important as the recurrence risk varies from negligible to 25%. There were eight cases of short limb lethal skeletal dysplasia on ultrasonogram, all of them accurately diagnosed by radiological examination. There were five cases of spondylocostal dysplasia diagnosed by radiography; of these, four cases were diagnosed as neural tube defect in ultrasonogram. The risk of recurrence of neural tube defect is 5%, whereas that for spondylocostal dysplasia is 25%. Photographs are essential in documenting the presence or absence of any external malformations. There is also a concept of 'limited autopsy' with a photograph and radiograph of the fetus that will help for the diagnosis if other examination is not possible. 8 Internal examination during fetal autopsy is also important for diagnosis, as it is evident from the present study that 46.9% cases had only internal malformations.
Histopathological examination of fetal organs is of limited usefulness in fetuses with malformations. 6 An exception to this is the evaluation of fetal renal disease. Renal cystic diseases may be difficult to define on an ultrasound scan as oligohydraminos is usually associated. Moreover, the differentiation between infantile (autosomal recessive) polycystic renal disease (recurrence risk -25%) and cystic renal dysplasia (recurrence risk-3%) is based on histopathology. 6, 9 We had 17 cases with oligohydraminos sequence with cystic renal diseases on ultrasonogram. Of these, two cases were diagnosed as polycystic renal disease by histopathological examination. The remaining cases were cystic renal dysplasia due to urorectal malformations and multicystic renal diseases. Histopathology, especially of placenta, is of great importance in cases without malformations and may provide cause of death in fresh stillbirth or neonatal death. In our series, placenta was available only in a small number of cases and hence the corresponding data are not discussed.
Saller et al. 10 have analyzed 124 cases of perinatal deaths to assess the clinical utility of autopsy and were able to find the cause in 75.8% of all perinatal deaths and 62.3% of fetal deaths. In our study, the cause was identified in 59% cases and is comparable to the group of fetal deaths of study by Saller et al. Our department being interested in genetic disorders, the cases with malformations and possible genetic disorders is referred more commonly. As neonatal deaths are not included in our series, the data represent fetal losses but not perinatal losses. Similarly, the autopsies were carried out mainly with the aim of identifying the genetic causes, especially malformations and malformation syndrome and a clinical geneticist conducted the autopsies. Our series includes fetuses terminated after antenatal detection of anomalies and spontaneous fetal losses. The incidence of chromosomal abnormalities in stillbirths and intrauterine deaths in our series is comparable to previous literature. In 84 (41%) cases, the definitive etiological diagnosis was not identified. This includes 54 cases without any definite malformations, 16 cases with multiple malformations not fitting into any specific diagnosis and 14 cases of unexplained hydrops fetalis. In total, 23.5% cases from spontaneous loss group had malformations and the risk of recurrence varied from very minimal to 25%. Documentation of malformation helps greatly in genetic counseling and prenatal diagnosis in next pregnancy. In cases with multiple malformations without any specific diagnosis, same malformations can be looked for in subsequent pregnancies by ultrasound evaluation. In this group without malformations, intrauterine death and stillbirths, fetal autopsy helps to rule out many malformation syndromes that may have high risk of recurrence. The cause of fetal loss in these cases without malformations may be maternal causes leading to chronic placental insufficiency. In these cases, the causes like immunological, fetal infections, maternal illnesses and factor V Leiden need to be looked for. Histopathological examination of the placenta can give useful information, but it was not performed in most of the cases owing to unavailability of placenta.
Causes of non-immune hydrops fetalis are numerous, including chromosomal anomalies, hematological disorders, metabolic disorders and cardiovascular disorders. 11 Structural cardiac anomalies, abnormalities of the rhythm and cardiomyopathies have been reported to account for about 50% of cases. 12 The other common causes of hydrops are chromosomal (5-33%) and infections (12-16%). 13, 14 Congenital malformations, fetal akinesia syndromes and skeletal dysplasias are also reported with fetal hydrops. Genetic hematological conditions like a-thalassemia, pyruvate kinase deficiency and glucose-6-phosphate dehydrogenase deficiency are also reported. a-Thalassemia accounts for 28.2% of cases of fetal hydrops in southeast Asia.
14 Our study had cases of Neu-Laxova syndrome and lethal pterygium syndrome, which had generalized edema and other features of hydrops, and one case of monosomy X presenting with cystic hygroma and hydrops. In the 14 cases with fetal hydrops, no cause was obvious. This group may have genetic, metabolic and infectious causes. Metabolic causes accounts for 5-15% cases of hydrops. 11, 15 Better laboratory services are needed to identify these causes of fetal hydrops. The combination of examination of the fetus and placenta with the results of microbiological, cytogenetic and metabolic investigations provides an etiological diagnosis for non-immune fetal hydrops in 65-85% cases in various previous studies. 11, 12 The low diagnostic yield in hydrops fetalis in this study is possibly due to incomplete investigative workup for infective and metabolic disorders.
In 135 fetuses with malformations, 81 had isolated malformation and 54 had multiple malformations. Central nervous system malformations were the most common indication for therapeutic abortions. The most frequent anomalies were neural tube defect and most of these cases were correctly identified prenatally. Genitourinary anomalies comprised 17% of the isolated malformations. This is comparable to other similar studies. 16 Identification of single-gene autosomal recessive malformation syndrome is important as the recurrence risk in this situation is 25%. 17 A fetus diagnosed to have neural tube defect (recurrence risk 3-5%), by ultrasonogram, on fetal autopsy had additional findings like polydactyly and renal malformation. The revised diagnosis of Meckel syndrome is autosomal recessive inheritance with recurrence risk of 25% in subsequent pregnancies. In this study, we have identified eight autosomal recessive disorders with malformations by fetal autopsy. Sporadic malformation syndromes like limb body wall complex and disruption syndromes like amniotic band syndrome have negligibly low recurrence risk. Thus, the accurate risk of recurrence based on fetal autopsy is very useful for the family.
The group of fetuses terminated after prenatal diagnosis of malformations is very important. In this study, post-mortem examination confirmed the ultrasound finding in 98% of cases, which is comparable to previous studies. 18 With the present level of ultrasonography, the false-positive diagnosis is extremely rare. Poor visibility due to oligohydramnios or obesity is an important cause of errors in ultrasonographic diagnosis, as was seen in two cases of this series. However, ultrasonography may miss associated malformations and detection of associated malformations on autopsy may lead to refinement in etiological diagnosis. This was evident in our study. Post-mortem examination provided significant additional information in 38% of cases, and the change in recurrence risk in 18% of cases. This was comparable to previous similar studies. 4, 9, 18 In a 10-year retrospective study of autopsy after termination of pregnancy for fetal anomaly, the autopsy confirmed the suspected diagnosis in 72% cases and autopsy added information that lead to the refinement of risk of recurrence in 27% cases. 9 Hence, risk of recurrence based on ultrasonographic diagnosis of fetus may be erroneous in significant number of cases and autopsy of the fetus after termination of pregnancy is essential for genetic counseling.
Even though autopsy is the best method to detect the cause for perinatal death, there has been a decline in the autopsy rate recently. 9, 19 The various options available for investigations in this situation was reviewed in a recent article. 19 Post-mortem MR imaging has a useful role in providing structural information of the central nervous system in fetuses and stillbirth neonates. 20, 21 Another promising alternative approach used in adult post-mortem investigation is the use of laparoscopic autopsy, which can be tried in perinatal autopsy. 21 These options are relatively costly. This retrospective study of 206 cases confirms the utility of fetal autopsy in identifying the cause of fetal loss, which will help in the genetic counseling of the couple. In this study, a clinical geneticist performed the autopsies. Hence, the data show more stress on the malformations and the genetic syndromes of malformations. This type of analysis in perinatal autopsy series is an useful documentation of relative prevalence of various malformations. This study also stresses the need of fetal autopsy in providing accurate genetic counseling. Autopsy facilities are not yet commonly available in India. There is a need to educate obstetricians about the need of fetal autopsy and placental histology for genetic counseling. Our data showed that fetal autopsy results in Indian scenario are similar to that reported in the literature. Pediatricians with interest in malformation can take up the responsibility of establishment of fetal autopsy facilities in collaboration with a pathologist. Better investigative facilities for chromosomal analysis, metabolic disorders and infections will definitely increase the diagnostic yield, especially in intrauterine death and fetal hydrops. When autopsy is not possible because of ethical and religious reasons, careful examination, a photograph and a radiograph may provide diagnostic information. The uptake of perinatal autopsy services depends on the awareness among obstetricians and pediatricians about its need and utility.
